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A.  Two-layer  or  free  surface  shear  flows 

[1]  M.  Renardy,  A  possible  explanation  of  “bamboo  waves”  in  core-annular  flow  of  t  ro 
liquids,  Theor.  Comp.  Fluid  Dyn.  4  (1992),  95-99. 

A  perturbed  KdV  equation  is  derived  to  model  interfacial  waves  in  viscous  two-layer 

fl°WS,  Ba“bo°  wav^”>  observed  in  recenc  experiments  [IS],  might  correspond  to  solutions 
winch  are  close  to  sohtons. 

[2]  M.  and  Y.  Renardy,  Sideband  instabilities  in  two-layer  flows,  Phys.  Fluids  A  5  (1993) 

2738-2762.  '  ' 

We  consider  sideband  instabilities  following  the  onset  of  traveling  interfacial  waves  in 
wo-layer  Couette-Poiseuille  flow.  The  usual  Ginzburg- Landau  equation  does  not  apply  to 
this  problem  due  to  the  presence  of  long  wave  modes  whose  decay  rates  tend  to  zero  in  the 
hnut  of  infinite  wavelength.  Instead  of  the  Ginzburg-Landau  equation,  we  obtain  a  coupled 
set  of  equations  for  three  amplitude  factors.  The  first  corresponds  to  an  amplitude  of  the 
traveling  wave,  the  second  to  a  long  wave  modulation  of  the  interface  height,  and  the  third 
is  a  long  wave  perturbation  of  the  pressure.  Criteria  for  sideband  stability  are  derived. 
This  substantially  extends  earlier  work  of  Blennerhassett  [19].  The  coefficients  in  the 
amplitude  equations  are  evaluated  numerically  for  various  situations,  and  the  criteria  for 
mstabihty  are  checked  and  related  to  experiments  [20],  In  addition,  we  show  the  existence 
o  (spatially)  homoclinic  and  heteroclmic  solutions.  These  solutions  approach  either  a  flat 
interface  or  periodic  waves  at  ±oo. 

[3J  Y.  Renardy,  Weakly  nonlinear  behavior  of  periodic  disturbances  in  two-layer  Couette- 

Poisemlle  flow  of  upper-convected  Maxwell  liquids,  J.  Non- Newtonian  Fluid  Mech 
submitted.  ’’ 

Studies  °flinear  stability  have  revealed  a  major  effect  of  fluid  elasticity  on  the  stability 
of  fluid  interfaces  [21-24],  This  paper  proceeds  beyond  linear  stability  analysis  to  an 
investigation  of  the  nonlinear  bifurcation  problem.  6From  a  mathematical  point  of  view 
this  is  a  Hopf  bifurcation  leading  to  an  amplitude  equation  of  Ginzburg-Landau  type. 

e  coefficients  m  this  amplitude  equation  have  been  evaluated  numerically  for  various 
situations. 

[4]  Y.  Renardy  Spurt  and  instability  in  a  two-layer  Johnson-Segalman  liquid,  Theor. 
Comp.  Fluid  Dyn.,  submitted. 

A  well-known  phenomenon  in  the  processing  of  molten  plastics  is  the  emergence  of  in¬ 
stabilities  and  a  sudden  increase  in  the  flow  rate  when  a  critical  shear  rate  is  exceeded.  One 
explanation  which  has  been  offered  for  this  is  that  the  constitutive  law  relating  the  shear 
stress  to  the  shear  rate  is  non-monotone  and  that  a  two-layer  configuration  arises  beyond 
a  critical  shear  stress  [25], [26].  This  paper  investigates  the  stability  of  such  a  two-laver 
shearing  flow  to  two-dimensional  disturbances.  The  flow  is  found  to  be  unstable  to  short 

enough  wavelengths.  Such  instabilities  might  explain  the  observed  surface  irregularities  in 
polymer  extrudafces 
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inclined  plL,  ?4ys. '  Iwif^IStted*  ^  °f  magnetk  fluid  flow  down  an 

down  an  inclined  °f  *  Ter  °f  V',SC0US  ma«netic  fluid  flowing 

While  the  inviscid  case  has  been  studied  extelsTeTth “S"*'  field, 
received  much  less  attention.  A  recent  stnrk  r  &  vlscous  Pr°blem  seems  to  have 

28],  The  present  paper  consider  Unear  jTturbatilnifoI  ‘"f  is  •» 

transformation  is  found,  and  the  stability J  ,1  T  of  ^b.trary  wavelengths.  A  Squire’s 
merically  and  by  asymptotics  for  Ion?  and  short'  mensi°^  dlsturbances  is  studied  nu- 
have  a  stabilising  effect^  both  “  fo“d  - 

valued  V:SC°eIaStiC  Shear  “<*  “>*  relationship  between  stabi,ity  and  eigen- 

Pl  %R67w93j°48M89ability  °f  i flow  of  an  Oldroyd  B  fluid,  Dig  Integral 

eigenvalues  are  in  'tS  leftt^pfa^r^An  atet”'?  ““‘T  coemdmts  is  stable  if  all 
to  PDEs,  is  known  for  systems  which  generate  iS  ^able 

mechanics  fits  into  this  context,  but  noLTwlTn  T  d  Newto“an  fluid 

general  theorems  available  &om  which  it  can  I  TT  “T  T*'  Hence  there  ”«  no 
Newtonian  fluids  is  indeed  determined  by  the  spec  rT  f  T  T  stability  of  non- 
paper,  such  a  result  is  proved  for  plane  CouetteCT^ 

(1993),nS9-1307.the  ^  °f  CerUin  ^-““iSroups,  Comm.  Part.  Dig  Eg.  J8  _ 
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of  interest  for  this  because  it  allows  to  treat  equations  of  hyperbolic  type,  which  is  clearly 
a  prerequisite  for  dealing  with  viscoelastic  flows.  Unfortunately,  the  assumptions  requhed 
on  the  spectrum  of  A0  limit  the  applications  to  problems  in  one  space  dimension. 

[9]  M.  Renardy  On  the  Unear  stabihty  of  hyperbolic  PDEs  and  viscoelastic  flows  Z 
angew.  Math.  Phys.,  to  appear.  ’ 

l  *?.a^er  ma*n  results.  First,  it  is  shown  by  a  counterexample  that  a  result 

along  the  hues  of  [8]  cannot  be  generalized  to  more  than  one  space  dimension  Ldeed 
one  can  construct  lower  order  perturbations  of  the  wave  equation  in  two  dimensions  which 
have  eigenvalues  m  the  left  half  plane  but  are  nevertheless  Unearly  unstable  Tom  a 

ZabczyTw  P  W’  18  a  $imilarity  betWeen  this  cou^erexample  and  that  of 

However,  this  does  not  rule  out  positive  results  for  specific  problems  in  more  than 

mod  T6  merSIT'  ^  SeC°nd  parfc  of  the  PaPer  generahzes  the  result  of  [7]  The 
model  is  generalized  to  any  differential  constitutive  equation  of  Jeffreys  type  and  the  flow 

is  generalized  to  any  parallel  shear  flow  with  strictly  monotone  velocity  profile.  It  is  shown 

at  the  spectrum  of  the  linearized  operator  determines  the  linear  stabihty  of  the  flow. 

C.  Convection-flows 

1101  0SciUatory  in  “0n, 

A  layer  of  fluid  Ues  between  two  parallel  horizontal  walls  and  the  solute  concentration 
and  temperature  are  higher  at  the  bottom  wall.  The  onset  of  time-period  LlbS 

lattkeSis°isumtd  Th  "T V  “  T?7™1  Periodicity  with  respect  to  the  hexagonal 

TW  aS.SUmed^The  n°-silP  condition  is  imposed  at  the  top  and  bottom  boundaries. 

low  solutal  ZTth^Tn5  TlUtrS  ^  thdr  Stabllity  is  determined.  For  relatively 
ow  solutal  and  hermal  Rayleigh  numbers,  the  solutions  are  found  to  be  unstable  For 

the  heating  of  salty  water,  situations  are  presented  where  the  standing  rolls  the  standing 
"tabt  qU1“’  ^  “»  StMd;nS  sanding  mgular  triL^t? 

[nI  messes  ion  of  oscmatory  “d  steady  ih= 

steady  and  “"°-Ia^r  P™Wem,  it  is  possible  to  have  simultaneous  criticality  of  a 

steady  and  an  oscillatory  mode.  An  interesting  problem  of  mode  interaction  arises', vhen 

adueTHhi^duat  r  CntlCal  m°des  ”  “  a  ra,1°  °f  2:1  [321.(33).  It  is  possible  to 
hie  e  this  sfruation  by  an  appropriate  combination  of  a  destabilizing  density  difference 

d“l^  C°DfUCtiVity  d,fferenCe-  The  ^  “  -ch  a^att  ”  d 

stabih  v  of  tr^  I  equa^lons  governing  the  mode  interaction.  The  bifurcation  and 
stabihty  of  traveling  waves,  standing  waves  and  steady  solutions  is  investigated. 
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D.  Problems  with  open  boundaries 

[12J  M.  Renardy,  Instability  of  uniform  flow,  Int.  J.  Hum.  Meth.  Fluid,,  to  appear 

from  truncation  ^ftbs  domain  Tlfis  ml'^  °ft“  °P«  b°“d““  ***  arise 
these  open  boundaries  which  have  no  ^  ‘°  imp°Se  btmndMy  c°ndi«°ns  at 

the  possibility  tha“ ertat “oic «  of  fZ 7 ?  This  paper  explores 

instabilities.  The  model  nroblem  e  r  f  Z  cot^~lt:ons  may  introduce  artificial  flow 
parallel  planes  Pr°Mem  St“d,ed  15  "»*»  «°»  to  a  strip  bounded  by 

'131  f  rrl^ut^0^  Wi*h  *  -  Maxwell  fluids,  SUM 

°a  zit 

inflow  and  outflow  boundaries  is  JJn  ?!  A  °f  boundar7  conditions  for  the 

problem.  The  method  to  construct  solutions ^  b^ed  WeU'P°!!ed  initial-boundary  value 
between  stress  integration  alone-  if-  d  on  an  iteration  which  alternates 

Iccities  which  is  ofTe  sle  tvlT  **  sol™S  “  “l-ation  for  the  ve- 

technical  problems  need  to  be'overmm ' :°mpr?s,b: le  eIastlci‘y  (<*  [34], [35]).  Substantial 
the  iteration  so  that  ”***»  ^ 

E.  Viscoelastic  flow  near  corners 

[14]  M.  Renardy,  The  stresses  of  an  upper  converted  Marw^ll  •  v 
held  near  a  reentrant  corner,  X 

with  difficulties  in  domains 

tions,  such  as  the  upper  con verfeW  iw  n  j  ,V1°r  so  utlons  to  typical  model  equa- 

(for  recent  partial  results  see  [36]  ^TO^hi^  6  ’  ^  COrner*  IS  not  ^7  understood 
termining  the  stresses  from  the  ,! I'  ‘  f  ^  mvestlSates  the  easier  problem  of  de- 
the  velocity  field  is  Newtonian  The  preSUmms  (wronS17’  of  course)  that 

“  investigated  and  ^2^:^  “  ““ 

gration  along  streamlines  leads  to  in  mcfckTf  /,  res.  show  that  the  mte- 

downstream  wall  is  approached.  This  instabfli^mav?6  “ag?iflcatk'“  offers  as  the 
numerical  difficulties  in  problems  with  comers  7  "  **"“  “  “plaininS  the 

— -- 

feetU^oSfe™rsir7e1nSabllemalre  TZ  ?  ^  inteSrati°“  avoids  the 

near  a  reentrant  comer  (see  [14]),  °  *  “  lus  1  le  downstream  blowup  of  computations 


F.  Breakup  of  viscoelastic  jets 

[16]  M.  Renardy,  Some  comments  on  the  surface-tension  driven  breakun  for  th*  i  i,  t 
of  viscoelastic  jets,  /.  Non- Newtonian  Fluid  Meek.  51  (1994)  9^-1 07  } 

It  is  shown  that  Newtonian  jets  can  break  in  f*  f  P,  ^mns  these  characteristics, 
models  cannot  exhibit  br^-up  incite  toe  ^  e“**to  *****  ** 

G.  Spreading  of  surfactants 

[171  lnfrAtl %2Z*im  deSCrib“S  ““  SPr5ading  °f  SUACt“tS  -  •*»  fiI-. 

zr  thvpref ns  °f  < « -  *wn 

treatment  of  premature  infants  wh  J*’1"  er  WOr^  on  *^1S  e9uation  [39]  arises  in  the 
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